Our results, based on the definition of coronary heart disease by cinearteriography, show that definite relationships exist among incidence of coronary heart disease (CHD), age, total cholesterol (TC), and total triglycerides, with less definite ones between free cholesterol, and phospholipids for a specific group of 450 male patients referred to the Cleveland Clinic because of suspected coronary heart disease. Equations and graphs of the association of incidence of CHD with these conditions are presented. The relationships were strong enough to be of aid in discriminating CHD from normal; the most useful being age, TC, and TG.
With the recent introduction of cinecoronary arteriography by Sones and Shirey,2 it became possible to define coronary heart disease (CHD) by the demonstration of obstructive lesions in coronary arteries. Current studies, based on the angiographic definition of CHD, give a more accurate representation of the association of CHD with these factors.
Our study is based on a total sample of 450 male patients referred by physicians to the Cleveland Clinic because of suspected coronary atherosclerosis; 350 had obstructive lesions in coronary arteries according to angiography, and 100 had normal arteries. Of the former, 54 had mild obstruction, 84 moderate, and 212 severe. It is important to remember that all these patients were suspected on clinical evidence of having coronary arterial disease and not necessarily studied seriatim. Equations and graphs of the association of incidence of CHD with age, total cholesterol (TC), triglyceride (TG), free cholesterol (FC), phospholipid (PL), and blood pressure (BP) are presented.
It was found that the association of incidence of CHD on age, total cholesterol, and triglyceride allows construction of a formula which predicts the presence of obstructive lesions in coronary arteries in those suspected of having it.
Methods
Coronary arteriography2 was performed by catheterizing the ascending aorta from the brachial artery. Each vessel was photographed in multiple projections to permit precise localization of coronary lesions and to demonstrate the presence of compensatory collateral channels.
Blood was drawn without stasis after an overnight fast of 10 to 12 hours, before heparin injection for arteriography. A second sample was taken 24 hours later. The determinations were shown not to be influenced by the arteriographic procedure.
Lipids were analyzed by extracting 1 ml of serum with 25 ml of chloroform-methanol mixture (2:1, v/v) at room temperature. The extract was washed with 8 ml of 0.02% calcium chloride solution. On standing at 4 C overnight, a twophase system resulted. The chloroform phase was concentrated by evaporation in vacuum or under nitrogen. Nonpolar lipids were separated from polar lipids on a 7 mm silicic acid column. The column was prepared by using 800 mg of 100 to 200 mesh silicic acid, suspended in chloroform. The packed column was washed with methanol, then with chloroform. Lipid extract was applied and then eluted with 25 ml of chloroform, followed by 25 ml of methanol. Duplicate aliquots from the chloroform eluate were taken for total cholesterol,3 free cholesterol,4 and triglyceride5 determinations. Phospholipids6 were determined in the methanol phase.
The reproducibility of lipid fraction measurements as calculated from a series of 29 determinations of pooled sera follows:
Lipid fraction sD(mg/100 ml) SDM(mg/100 ml) In studying the association of incidence of CHD with a variable such as age, it is necessary to distinguish between incidence of CHD that is dependent on age itself and total incidence of CHD at that age. The distinction is illustrated by calculating from our data the two incidences for age 40; there were seven patients with CHD and four with normal arteries. The total number of patients was 350 with CHD and 100 with normal arteries or a ratio of CHD to normal of 3.5 to 1.
The incidence that is dependent on age 40 itself is calculated from the percentage of occurrences of CHD and normals at this age. This per cent is 2.0 (seven of 350) for CHD and is 4.0 (four of 100) for normal arteries. Thus, on the basis of equal totals of 100 patients with coronary disease and 100 normal patients there was a total of six patients of age 40 and, of these, two had CHD, and four had normal arteries. Therefore, the incidence of CHD is two of six or 33.3%. This is the incidence that is dependent on or due to* age 40 itself because using per cent of occurrences corrects for unequal totals leaving only the influence of age 40 itself.
Total incidence is based on the actual number of patients with coronary disease and those with normal arteries at age 40. At this age in our group there were seven patients with CHD and four with normal arteries so that total incidence of CHD was seven of 11 or 63.6%. It is greater than the 33.3% incidence attributed to age 40 itself by an amount equal. to 30.3%. This latter amount is the additional incidence created by the greater number of CHD than normal patients which is in the ratio of 3.5 CHD to 1 normal (350 to 100t). *The phrase "incidence due to" is to be interpreted as the proportion that is associated with the variable in contrast to the proportion created by the unequal numbers of CHD and normal patients. tWhenever there are more CHD patients than normal controls, the ratio effect on total incidence is positive, that is, it increases total incidence. Whenever there are less CHDs, the ratio effect is negative, that is, it decreases total incidence. Incidence associated with age. Incidence determinations can be used to predict CHD. A male of age 40 who is referred to the Cleveland Clinic because of suspected CHD has a 63.6% chance of having obstructive lesions in coronary arteries. This chance is composed of 33.3%, attributed to age itself, and 30.3% created by the ratio of 3.5 CHD to 1 normal. This ratio is actually a reflection of the combined accuracy of all physicians in their diagnosis of atherosclerosis.
Whenever the word incidence is used alone, it refers to the incidence due to or associated with the variable itself.
Incidence Equations
Based on the data on the 350 patients with CHD and 100 with normal arteries, incidence and total incidence equations were derived for those variables or combination of variables which reflected an association with incidence. The equations and general statistical methodology are presented in Part II of this paper. The incidence associated with a level of the variable or a combination of levels of several variables is obtained by substituting these levels into the appropriate equation. In the next section on results and discussion, only the graphs of the incidence equations are presented.
Results

Age
Incidence due to age itself varies widely over the span of 28 to 70 years ( fig. 1 ). At age 28, it was 12% and then increased sharply to 84% at age 70. This means that the older the age the higher is the prevalence of the disease among suspected and referred patients. Indeed, comparing age 28 to 70 shows prevalence to be seven times greater at 70 than at age 28 (84% vs. 12%). Age is a good discriminator.
At age 28, total incidence was 33% and its breakdown is ( fig. 1 influence at age 70 (12% vs. 21%). For age 70, the age association is about eight times that of the ratio (84% vs. 11%). In older patients, age is dominant.
From the prediction standpoint a male of age 70 with symptoms of CHD referred to the Cleveland Clinic has a 95% chance of having it, whereas a male patient of age 28 has a 33% chance. Age itself contributed 84% and 12%, respectively, to these chances.
Cramer and co-workers study7 was based on different arteriographic technic and definition of CHD than ours, but their data with respect to the variable of age still allow analysis by our technics (fig. 2 ). The incidence relation to age of their data should be the same as ours because of the physiologic nature of the relationship. The incidence curves of the two studies are remarkably close. Their total incidence curve is for the most part less than ours because their ratio of patients with CHD to those with normal arteries of 2.7 (146 to 47) is less than ours of 3.5 ( 350 to 100).
They concluded that there was no dependence of incidence on age because they obtained a nonsignificant chi square in testing the significance of 68% total incidence (70 of 103) for ages less than 50 vs. an 80% (56 of 70) for ages more than 50. Had they taken a chi square test over a more discriminating breakdown of 53% (17 of 32) for ages less than 40, 75% (53 of 71) for ages 40 to 50, and 80% (56 of 70) for ages greater than 50, they would have found a significant chi square test with P < 0.025. The apparently correct conclusion, even with chi square testing, is that total incidence is dependent upon age. However, an analysis only of the latter fails to show the underlying relation of disease to age. Incidence associated with total cholesterol for our data and data of Proudfit and associates for referred male patients less than 40 years of age.
mg/ 100 ml ( fig. 3 ). It was 11% at 130 mg/ 100 ml and increased to 85% at 370 mg/ 100 ml. The prevalence of the disease became greater among the suspected-referred patients as the concentration of total cholesterol increased.
The prevalence is about eight times as great at 370 compared to 130 mg/ 100 ml of serum cholesterol. TC is a good discriminator and interestingly is virtually the same as age (11% to 85% for TC vs. 12% to 84% for age). At concentration of 130 mg/ 100 ml, the composition of total incidence is ( fig. 3 ) Incidence due to TC of 130 mg/ 100 ml Incidence due to ratio of 3.5 CHD to 1 normal at 130 mg/ 100 ml Total incidence at TC of 130 mg/ 100 ml MSE 629
Incidence due to ratio of 3.5 CHD to 1 normal at 370 mg/ 100 ml
10%
Total incidence at TC of 370 mg/ 100 ml 95% Concentration levels of TC at 370 mg/100 ml add more to total incidence than at 130 mg/100 ml. This means that high serum level itself becomes dominant in spite of the greater number of patients with CHD. In terms of prediction, a male with a TC concentration of 370 mg/100 ml, suspected of atherosclerosis and referred to the Cleveland Clinic, has a 95% chance of having CHD, and a similar male with TC of 130 mg/ 100 ml has a 29% chance. The contribution of TC to these chances is 85% and 11%, respectively.
In the study by Proudfit and associates8 serum cholesterol levels were measured in 147 men less than 40 years of age. At concentration of 370 mg/ 100 ml, the breakdown of total incidence is Incidence due to TC of 370 mg/100 ml 85% (fig. 5 ). It was 32% at 60 mg/100 ml, increased to 67% at 220 mg/100 ml, and then climbed slowly to 79% at 540 mg/100 ml. Thus, from 60 to 220 mg/100 ml, it increased 35% and from 220 to 540 mg/ 100 ml it increased only 12%, thus indicating that triglyceride in this latter range is not closely associated with the disease.
In terms of discrimination, TG is not as good as age or TC when comparison among them is made at low levels. At 60 mg/ 100 ml its incidence was 32%. Incidence associated with free cholesterol.
Incidence due to TG itself (%) Incidence due to ratio of 3. Total incidence becomes independent of triglyceride concentrations, especially in the range of 220 to 540 mg/ 100 ml where its increase is only 5% (88% to 93%). An independent relation is obtained because the increase in incidence due to TG is cancelled by the decrease in incidence due to the ratio of 3.5 CHD to 1 normal. Again Incidence based on total cholesterol in combination with triglyceride is given in figure 8 and on triglyceride in combination with total cholesterol in figure 9. The maximum increase of incidence that triglyceride gives by varying from a low of 60 to a high of 540 mg/ 100 ml was 71% ( fig. 9) TOTAL CHOLESTEROL (mg./100 ml.) Figure 8 Incidence associated with total cholesterol in combination with triglyceride. INCIDENCE ASSOCIATED WI IH THE VARIABLES THEMSELVES combination of age with TC of 360 and TG of 540 mg/100 ml is the superior combination because it gave the highest incidence at any age. At the early age of 28, its incidence is 73% compared to 42% if TC of 360 mg/ 100 ml is only coupled with age 28 or to 34% if TG of 540 mg/ 100 ml is only combined with age 28. At age 70, the incidences for the three high combinations were 99.5%, 97%, and 95%. High TC coupled with high TG at any age gives the highest incidence and, singly, high TC gives a slightly higher incidence than high TG at any age.
Beyond age 44, the incidence curve with high concentrations of TC and TG becomes virtually independent of age. Incidence with age is 94% at this age and increases to 99.5% at age 70; a change of only 5.5%. But tions are represented by the three combinations: of age with (1) TC of 360 and TG of 540 mg/100 ml, (2) TC of 360 mg/100 ml, and (3) TG of 540 mg/ 100 ml. Figure 10 gives the six incidence curves associated with the above combinations.
On comparing the three incidence curves for low combinations, the combination of age with TC of 140 and TG of 60 mg/ 100 ml is the best because for any age it gave the lowest incidence-its incidence curve is the lowest. At age 28, for instance, it gave an incidence of 0.5% compared to 3% and 11% for TC of 140 and TG of 60 mg/ 100 ml, respectively. And, at age 70, the respective incidences for the three low combinations were 26%, 42%, and 72%. Low TC coupled with low TG has the lowest incidence at any age and, singly, low TC has a lower incidence than low TG especially at older ages (42% vs. 72%)).
For the three high combinations, the Figure 11 Incidence associated with age combined with high TC, high TG, high TC and low TG, and low TC and high TG. incidence changes substantially as age increases.
Comparison of incidence curves based on high TC coupled with low TG and vice versa is given in figure 11. This figure shows that a low TC of 130 with a high TG of 540 mg/ 100 ml is associated with much smaller incidence of CHD than a low TG of 60 with a high TC of 360 mg/100 ml. High and low cencentrations of TC had a greater effect on incidence changes than did high and low concentrations of triglyceride.
Predicting Coronary Heart Disease in Patients with Suspected Coronary Heart Disease A total incidence value based on a specific combination of age, TC, and TG gives the probability of having obstructive lesions associated with this combination. Therefore, the chance or probability that a patient has CHD is given by the total incidence based on age, TC, and TG with high probabilities of having the disease. The high probabilities selected Circulation, Volume XLII, October 1970 were those above 0.90. Patients with probabilities above 0.90 would be singled out as having obstructive lesions, and, with these probabilities there is an assurance of 95 in 100 or 95% correct decisions.
Having chosen the prediction probabilities, we then turned to estimating the proportion of the 450 referred patients with these probabilities. From a set of derived tables, of which Table 3 shows that young and old patients with normal arteries have the same average total cholesterol (218 mg/ 100 ml) and the same standard deviation (47 mg/ 100 ml). The total cholesterol distribution of these patients does not change with age. On the other hand, older patients with CHD have a smaller average (230 mg/ 100 ml) than that of younger ones with CHD (281 mg/100 ml) but still exceeding the normal patients' average (218 mg/100 ml). The standard deviation of CHD patients is the same for young and old patients and equals that of normal patients (47 mg/100 ml). It, therefore, follows that high cholesterol concentrations were more frequent in younger CHD patients. The average difference between CHD and normal patients is 63 mg/ 100 ml for age group 28 to less than 35 (28 < 35) compared to 12 mg/ 100 ml for age group 60<65. The younger age group has about five times as great a difference as the older group. With increasing age, total cholesterol distribution of CHD patients approaches that of patients with normal arteries for the select group of patients referred to the Cleveland Clinic because of suspected atherosclerosis. The constancy of the TC distribution of normal patients over all ages reflects a stable system. Changes in averages of patients with CHD measure the extent of turbulence in the TC system. Table 4 gives the statistical information for triglyceride. It shows that the average (129 mg/ 100 ml) and the standard deviation (58 mg/ 100 ml) for normal patients are the same in both age groups of 28 < 49 and 50 < 65. And like total cholesterol, the triglyceride distribution for normal patients remains the same regardless of age. Patients with CHD, however, have a higher average (179 mg/100 ml) and standard deviations ( 126 mg/ 100 ml) in the younger age group of 28 < 49 than the average (150 mg/ 100 ml) and standard deviation (75 mg/100 ml) of the older age group of 50<65. And these averages and standard deviations of CHD patients are always greater than those of normal patients. As with total cholesterol, high concenerations of triglyceride were more prevalent in CHD patients of younger ages because both the average difference is greater (50 vs. 21 mg/ 100 ml) and the ratio of standard deviations is greater (2.2 vs. 1.3) in the younger compared to the older group. Triglyceride distribution of older people with CHD approached but still remained distinct from normal. The constancy of the TG distribution of normal persons over all ages reflects a stable system. The changing averages and standard deviations of CHD patients are measures of turbulence in the TG system.
Summary and Conclusions
Our results, based on the definition of coronary heart disease by cinearteriography, show that definite relationships exist among incidence of coronary heart disease, age, total cholesterol, and total triglycerides, with less definite ones between free cholesterol and phospholipids for a specific group of patients referred to the Cleveland Clinic because of suspected coronary heart disease. The relationships were strong enough to aid in discriminating CHD from normal; the most useful being age, TC, and TG. An incidencerelationship to casual blood pressure was not found among the nonhypertensive patients probably due to inadequate measurements of arterial pressure.
Incidence determinations were presented in terms of total incidence and incidence associated with the variable itself. The latter reflects the underlying relationship of incidence to the variable; the former reflects not only incidence attributed to the variable itself but incidence created by the ratio of the number of CHD to the number of patients with normal arteries. Coronary angiography demonstrated there were 350 CHD and 100 normals or a ratio of 3.5 to 1. This ratio is a reflection of the high accuracy with which physicians suspect CHD.
Age and TC were good discriminators in these patients suspected of CHD. Incidence associated with age itself changed from 12% to 84% over a span from 28 to 70 years. CHD was seven times as prevalent at age 70 as at age 28. The corresponding total incidences were 33% and 95%. Incidences associated with TC varied from 11% to 85% over concentrations of 130 to 370 mg/ 100 ml, which shows that CHD is eight times as prevalent at the higher concentration-total incidences were 29% and 95%. Age and TC have about equal powers of discrimination. In comparison, triglyceride was not as good because incidence starts at a high of 32% for the very low concentration of 60 mg/ 100 ml. However, at the unusually high concentration of 540 mg/ 100 ml incidence was 79%. Prevalence of disease increased only two and a half times in the range of concentrations of 60 to 540 mg/ 100 ml. The corresponding total incidences for TG were 62% and 93%. In comparing the effects of TC against TG for any age, TC had a far greater influence on lowering and raising incidence and was, therefore, more discriminating. This was especially so at older ages with low concentrations.
An improved relationship and better discrimination were obtained by relating incidence simultaneously to age, TC, and TG. It was shown, for example, that at age 40, TC of 130 and TG of 60 mg/ 100 ml, incidence associated with the variable influences alone was 0.5%, and at age 70, TC of 360 and TG of 540 mg/100 ml, incidence was 99.5%. And, for any age, low concentrations of TC and TG are associated with a reduction in incidence of CHD and high concentrations with an increase.
The probability of having CHD is the total incidence corresponding to the patient's age, TC, and TG. The probability level of 0.90 gave 95% assurance of a correct prediction for the physician-selected group of patients referred to the Cleveland Clinic. Twenty-nine per cent of them had probabilities above TC, TG, and a ratio of 3.5 CHD to 1 normal.
The 350 diseased patients classified according to an increasing severity scale of 1, 2, and 3 showed that 95% of correct predictions based on probabilities of CHD above 0.90 and 92% based on probabilities above 0.80 had an 89% chance of falling into class 2 or 3.
Conclusions
Coronary heart disease as defined by cinearteriography was most closely related to age, total serum cholesterol, and total triglycerides in 450 patients referred to the Cleveland Clinic because the disease was suspected. Triglycerides were the least reliable predictor of the three. If all three were used, then using probabilities above 0.90 gave a 95% assurance of a correct prediction for this physician-selected group of patients. Less definite relationships were found for phospholipids and free cholesterol. the normal probability density function is n os R,__2 The normal probability plots of total cholesterol, shown in figure 13, Figure 14 is a graph of total incidence and incidence due to TC itself and shows that the A1 assumption irons out the irregularities of line A3. Figure 3 is the graph of incidences based on lines A1 and A2 of section A and sections B and C.
Triglyceride
The normal probability plots of triglyceride ( fig. 15) show a definite separation of normal and CHD patients. There are three sections, A, B, and C, of parallel straight lines. Their standard deviations are 31, 61, and 285; the average differences are 13, 27, and 150 mg/ 100 ml, respectively. The respective ranges for each section are 55 < 100, 100 < 215, and 215 < 550. No normal patient had a value beyond 550 mg/ 100 ml; therefore, no contrast was possible. Figure 5 is the graph of incidences based on results of figure 15.
Free Cholesterol
The normal probability plots ( fig. 16 ) for free cholesterol segregate normal and CHD patients. The small number of normal patients (no =69) confines most of the distribution of Phospholipid per cent cumulative distributions of normal and CHD patients and incidence equations: Normal probability paper.
normal patients within the interval of 35 to 70 mg/ 100 ml, and therefore, incidence equations Circulation, Volume XLII, October 1970 are derived only for this interval. Figure 6 shows the association of incidence with free cholesterol based on figure 16.
Phospholipid
Incidence equations are possible for the range of 220 to 330 mg/ 100 ml. This is observable from figure 17. Figure 7 is where D is obtained by substituting (Xo + X1)/2 for each factor of age, TC and TG in the discriminant equation; and k= no/ni gives total incidence and k= 1 gives incidence due to the variable alone.
To illustrate, the discriminant incidence equation for age interval 28 < 42, TC interval 130 < 190 mg/ 100 ml, and TG interval of 60 < 100 mg/100 ml is* tively. Incidence equations for other interval combinations are derived in the same way and then are used to develop tables of total incidence and incidence itself for the combined effects of ages from 28 to 70 in increments of 1 year, TC from 130 to 370 mg/ 100 ml in increments of 20 mg/ 100 ml.t A condensed version of these tables for total incidence is given in Table 1 . Figure 19 is a frequency curve reflection of table 2. Frequency curves are presented for *X's were also determined by the standard linear discriminant procedure, and they differed very little from those of the above equation. This was expected as correlations, for CHD patients, are -0.10 for age and TC and -0.07 for age and TRG, and, for normal patients, the correlations are zero. The correlation between TC and TRG is 0.36 for both CHD and normal patients. 
